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Descrfptlon 

BACKGROUND OF THE INVENTION 

$ 1. Field of the Invention 

This invention relates to fluoride ion teachable glasses and to water- or resin-based dental cement compositions 
containing such glasses. 

io 2. Related Art 

Aqueous poly (carboxylic acid) cement compositions are well Known and have been routinely used in dentistry. 
Such compositions are commonly referred to as glass ionomer cements, and basica:ly comprise (i) a polymer containing 
free carboxylic acid groups (typically a homo-or co-polymer of acrylic acid) and (ii) an ion-leachable glass such as 
'5 calriumaluminofluorosiiicataglass In the presence of water, the glass leaches polyvalent metal tons such as aluminum 
and calcium ions and these serve to cross-lirk the polymer to give a rigid gelatinous structure. Al the same time, silica 
material in the glass reacts with water to produce siBcic acid. As a result of these gel-forming reactions, a cement, 
suitable for denta 1 use. forms. 

A problem with glass ionomer cements in the prior art is that they are radiolucent and thus provide no contrast on 
*° x-rays between the cement and surrounding tooth structure. Ir order to address this issue, it has been proposed to 
replace ca'cium in a calcium aluminofluo^osilicate glass with strontium and. thereby, produce a glass which may be 
radiopaque, and still nave acceptable orcperties with regard to strength, hardness, translucency. etc. (U.S. 4.814,362). 
The use of barium glass or barium sulphate to conler radiopacity on a glass ionomer has a so been descr bee (PCT 
application No. 38 : 105 : 651 ). 

25 Calcium aluminofluorosilicato glass used in the glass ionomer cements contain large quantities of fluoride. Although 

fluoride lowers the firing ternpfiiatiires of the glasses, it is also released in a cement composition where calcium afu- 
ninofluoro silicate is inco'porated. Flucride. if released n sufficient quantity, imparts cariostatic propert es to the ce- 
ments when used in the repair of carious lesions. Howeve-. while calcium aluminofluorosilicato glass is acceptable in 
terms of fluo-ide release, it is not cesirable in dental use because cf its visual opacity and limited radiopacity. 

& Thus, the requirement of adequate rediopacity and sustained fluoride release makes the development of new 

glasses desi'able. Dental cement compositions containing such glasses should meet such other desirable criteria as: 
(a) translucency; (b) long shelf life: (c) low solubility in oral fluids: id} strong adhesion to the tooth; (c) suitable working 
and setting times; and (f) adequate strength. The present invention provides fluorice ion-leachable glasses and dental 
cement compositions containing such glasses which meet these criteria. 

35 

SUMMARY OF THE INVENTION 

It has now been found that ceitain alkalne eaith metal aluminofluoroslicate glasses, in which the alkaline earth 
netal is one or more metals selected from the group consisting of calcium, strontium and barium, provide desired 
40 radiopacity, translucency, strength, hardness, etc 

According to this invention, the-e is provided a glass composition consisting essentially of *he following components 
by nolar percent: 



as 



so 



Si0 2 


17.6-21.5 


p 2 o 5 


0 6-3 5 




9.0-11.0 


Na 2 0 


0.5-3.0 


MO 


7.9-19.7 


F 


42.2-56.1 



wherein MO is selected Irom the group consisting of BaO. BaO-CaO, 9aO-SrO, and BaO-CaO-SrO. 

According to this invention, there is also provided a dental cement composition comprising the above-defined glass 
together with demally acceplable ingredients, 
ss The glasses of this Invention, when included In denial compositions, facilitate radiographic detection cf caries h 

vivo , release fluoride in a controlled manner, and provide translucency to confer good esthetics to teeth. 
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DETAILED DESCRIPTION OF THE INVENTION 

The glass composition of this invention may be prepared from a mixture of one or more alkaline earth metal fluo- 
rides, aluminum fluoride, alumina, silica, sodium fluoride and phosphorous pentaoxjde. The alkaline earth metal fluoride 
is selected frorr the group consisting o: calcium fluoride, barium f'uorde and strontium fluoride. A preferred alkaline 
earth metal fluoride combination is barium fluoride atone, bariurr fluoride-calcium fluoride : strontium fluoride -barium 
fluoride, or calcium fluoride barium fluorice-strontium fluoride. 

Thus, suitable glass compositions include those having the following composition by molar percent (expressed as 
oxices except lor fluoride): 



Si0 2 


17.6-21.6 


P 2 O s 


0.6-3.5 


AljCo 


90-11 0 


Na 2 0 


0.5-3.0 


MO 


17,9-19.7 


F 


42.2 56.1 



wherein MO is selected from the group consisting of BaO. BaO-CaO, 3aO-SiO and CaO-SaO-SrC. 
Wore specifically, the following glass composition is included: 



Composition 


Molar % 


SiOg 


20 


P 2 0 5 


2 


Al 2 0 3 


10 


Na^O 


2 


MO 


18 


F 


48 



wherein MO is as previously defined. 

A variety ol methods known in the art can be used to make the gless compositions of this invention. A typ cal 
procedure involves mixirg of the required ingredients melting and then cooling. The choice of starting materials used 
in this invention is not critical so long as the materials are substan:ialiy pure and provide desired metals. 

The glass compositions of this invention wherein MO s BaO-CaO. BaO-SrO or CaO-BaG-SrO may be prepared 
by: (a) first forming calcium, barium ard strontium glasses, respectively; (b) blending these glasses as requ:red in 
appropriate amounts; and (c) further firing the mixture. 

Alternative^ these binary or tertiary glass compositions can be prepared directly from appropriate starting mate- 
rials. For example, the glass composition where MO is SrO-BaO can be prepared by blending silica, hydraled alumina, 
cryolite, aluminum fluoride, aluminum phosphate, slrontium fluoride and barium fluoride and by firing the mixture. Re- 
gardless of the method of preparation employed, the resulting glass compositions will have substantially the same 
properties and characteristics. 

Although barium fluoride : calcium fluoride, anc strontium fluoride are specifically indicated as the source of the 
alkaline earth metals, these starting materials are exemplary and many other known salts derived from the a : kaline 
earth metals can be used without adversely affecting the resulting glass compositions. Such suitable salts include 
barium carbonate, strontium carbonate calcium carbonate, barium acetate, strontium acetate, and calcium acetate. 
When barium carbonate and strontium carbonate are used, these metal salts are conveniently reacted with hydrofluoric 
aclc before being admixed with other ingredients. 

The moter ratios of the alkaline earth metals can vary over a wide range. In a binary glass composition, the molar 
ratio of barium to calcium is preferably not less than 0.334. more preferably 1:1. The molar ratio of barium to strontium 
is preferably not less lhan 0.02. more preferably 1 : 1 . In a tertiary glass composition, - he rrolar ratio of barium to (calcium 
+ strontium) is not less than 0.02 and the molar ratio of calcium to (barium + strontium) is not greater than 3 0. More 
preferably, barium, calcium, and strontium are present in equimolar quantities. 

The glass composition of this invention may contain metal elements other than calcium, barium, and strontium, 
such as sodium, lithium, potassium and aluminum. The essential alkaline earth metals and othe- metals are derived 
f'om a variety of starting materials. In addilion to calcium, barium and strontium salts enume r ated above, aluminum 
fluoride, sodium fuo'idc. phosphoric acid. mono-, di- ard tri-ammonium orthephesphatc. calcium, dica'cium and tri- 
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calcium orthophosphates afumlna and hydrared alumina can be employed to provide for the metals, fluoride and 
phosphorous. However, il wil' be apprecialed thai Ihe foregoing compounds are individually named lor purposes ol 
illustration and many other known materials in the art can be incorporated in the glass composition. 

A critica J feature cf this invention is a high level of racfiooacity of the glass composition. The glass composition 
wherein MO s BaO is especially racfiopaque. Also, the glass compos iticn wherein MO is 3aO-SrO has high radiopacity. 
Particularly, the BaO-SrO glass composition wherein the molar ratio of combined barium and strontium to S'lica is 
greater than about 0.68 exhibits excellent radiopacity. 

Another critical feature of this invention is increased translucency of the glass composition Glass compositions 
wherein MO is BaO or BaO-SrO are particularly translucent. An especially preferred glass comoosrtion is the com po- 
sition wherein MO is BaO. The glass compositions of this invention thus impart translucency to dental compositions 
which contain the glasses. Particularly, translucency is considered a property crucial to formulating methacrytate resin- 
based denial compositions. 

A further critical feature of this invention is the ease ol fluoride -elease from the dental cement compositions. Dental 
compositions based on glasses which are high in strontium or barium release fluoride al greater rates than denial 
compositions based on calcium glass. A particularly oreferrad dental composition is the composition which contains 
equimolar amounts of calcium, strontium and barium. 

As indicated earlier, the g!as9 comoositions of this invention are suitable tor use in water-or resin-based denial 
cement compositions. In order to prepare such dental compositions, the glass should be ;n particulate form and suitably 
has a particle size of from about 0.005 to about 500 microns. 

Compositions for forming a dental cement Irom the glasses of this invention may conveniently assume a Iwo-part 
form. A wice variety of ingredients can be U6ed to make up the dental compositions and those in common use comprise 
a buffering agent, a bonding agent, a poyrrerizable matrx material, a hydrophilic resin, a polymerizable carboxylic 
acic, a thermal initiator, a photoinitato', a Iree-radical scavenger, and a coupling ac em . Many olher components such 
as pigments (ircn oxide or titanium oxide) can be inco-porated in ne dental composition. Suitable components are : for 
example, described in U.S. Patent No. 4.659.751 to P L Bower\ 4.674.980 to H L. Ibsen et al., 4,746,536 to D E. 
Walle-, and £,964,911 to R L Ibsen et al . , Ihe discbsuies of which ate incorporated hemin by reference 

The dental compositions cf this invention prepared from Ihe fluoride ion-leachable glasses possess translucency 
necessary for good esthetics, sustained fluoride releasing property to prevent caries formation and adequate radio- 
pacity to provide good contrast of restorations to :eeth on x-rays. 

The nvention will be described in further detail below by way of Ihe embodiments thereof, bjt these embodiments 
should not be taken as limiting the scope of the invention. In the examples, all percentages are by weight unless 
otherwise stated. 

Reagents: 

Calcium fluoride (CaF 2 minimum purity 97.5%), strontium fluorid9 (SrF 2 , mirimum purity 98%), barium fluoride 
(BaF 2 , minimum purity 99.7%), silica (Si0 2; minimum purity 99%), hydraled alumina (AI^OyOHgO, minimum purity 
98.6%). and cryolite (Na 3 AIF 6: minimum purity 09.4%) were used for the piepaiation of the glasses. The composition 
of the alumrrum fluoride was S2% AIF 3 and 8% Al 2 0 3 . 

EXAMPLE 1 

A base glass was prepared by mixing 34.8 parts by weight alurrinum fluoride : 148.7 parts by we.ght hydraled 
alumna. 30.0 parts by weight cryolite, 464.8 parts by weight banum tluonda 60 parts by weight aluminum phosphate, 
and 175 parts by weight silica. 

The components were blended in oaffled glass j^rs (4L or 19L depending on batch size) for one hour and the 
blended powders were then packaged in clay bendeo silica glass crucibles for firing. The crucibles were heated as 
rapidly as possible (heatirg time was ore hour for sma I batches and as leng as 1 2 hours for large batches) to 1 200*0 
and Ihen held al (hat lemperalure for three hours. Al Ihe end of Ihe soak period, each crucible was removed from Ihe 
furnace and the molten glass charge was poured into cold water contained in a stainless steel pan Care was taken 
to pour the glass n a Ihin slream in order lo provide extremely rapid cooling. The welWractured glass was then dried 
overnight and ground in a ball mill to pass a 40-mesh U.S. Series screen. 

The resulting glass powder had a composition n weight percent as 'ollows: 



Na 2 0 


1.6 


BaO 


47.2 


Al 2 0 3 


17.6 



EP0620 804B1 



(continued) 


P 2 O s 


4.0 


F 


16 1 


sio 2 


20.3 


Loss O equivalent to f 


<6.B> 



EXAMPLE 2 

Powdered calcium g lass (PREPARATION 1 ), 206 pans by weight, and powdered barium glass (EXAMPLE 1 ), 294 
parts by weight were blended in baffled mixing jcfs for one hour The blends were then packed in clay bonded silica 
glass crucibles and fiied rapidly ro 1200*C. Heating took approximately 0.75 hours. The molten glasses were held at 
that temperature for 1.5 hours. Alter the holding period each crucible was removed from the furnace and the melt was 
poured rapidly in a thin stream into water. The welMractur9d glass was washed, dried overnight and ground in a ball 
mill to pass a 40 mesh U.S. Series screen. 

The composition of the resulting glass in weight percent was 



20 



25 



Na 2 G 


1.8 


CaO 


10.1 


BaO 


27.3 


Al 2 0 3 


20.7 


PA 


4.8 


F 


18.9 


SiD 2 


23.9 


Less O equivalent to F 


<8.0> 



EXAMPLE 3 

Powdered barium qlass. 270.7 parts by weight, and powdered strontium glass (PREPARAPCN 2), 229.3 parts by 
weight, were blended and a binary glass was prepared according to EXAMPLE 2. 
The composition of the resulting glass in v/eight percent was 



35 



Na 2 C 


1.7 


BaO 


25.5 


SrO 


17.2 




19.1 


p 2 o 5 


4.4 


F 


17.4 


Si0 2 


22.0 


Less O equivalent toF 


<7.3> 



^ EXAMPLE 4 

Powdered barium glass, 196.2 parts by weight, powdered strontium glass, 166.3 parts by weight, and powdered 
calcium glass 137.6 parts by weight were blended and a tertiary glass was preoared according to EXAMPLE 2. 
The composition of the resulting glass in v/eight percent was 



so 



Na 2 0 


1.8 


BaO 


18.5 


SrO 


12.5 


CaO 


6.8 


Al,0 3 


20.7 


P 2 O s j 


4.8 


F 


19.0 
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(continued) 


so 2 


23.9 


Less O equivalent to F 


<0 0> 



EXAMPLES 5-3 

Denial cemenl compositions were prepared Iro/r the glass of EXAMPLE 1 by blending with suitable ingredients 
ascertainable to those skilled in the art. 

The glasses were wet milled prior to composite formulation. In a typicai run. £00-900 cm 3 of -40 U.S. Series glass 
powder was placed with the same volume cf isoprooyl alcohol in a 3.8L ball mill jar wnich was half filled with 10-12 
mm diameter alumina balls The mill was turned at 5C r.p.m. for 50 hours ard the mill contorts were then screened 
through a course screen. The glass-alcohol slurry was tnen air and oven dried (110°C) to constant weight for use in 
composite formulation. 

The resulting glass powder was mixed with appropriate ingredients to produce two component composite formulations. 

The resin base used to formulate Pa r t A of the lest composites consisted of approximately equal amounls of an 
aromatic dirrethacrylato oligomer and 2-hyd'oxyathyl methacrylate along with small amount of benzoyl peroxide and 
a polymerization inhibflor. Part B resin ccrsisted principal y of an aromalic dimethacyate oligomer along with small 
amounts a* a photoinitiator and a cheating agent. Because o' the differing densities ol the test glasses, the weight of 
glass in each composite had to be adjusted to maintain a constant volume fraction of filler glass in the finished com- 
posite. The test composite formulations are shown ir the table below where glass anc resin are expressed as parts 
by weight. 





PART A 


PART B 


CEMENT 


GLASS 


GLASS 


RESIN 


GLASS 


RESIN 


PREPARATION 1 


54.1 


45.9 


52.1 


47.9 


PREPARATION 2 


57.3 


42.7 


55.4 


44.6 


EXAMPLE 5 


EXAMPLE 1 


6C.6 


39.4 


sa.e 


4-2 


EXAMPLE 6 


EXAMPLE 2 


56 9 


43 2 


54 q 


45 ' 


EXAMPLE 7 


EXAMPLE 3 


55.5 


41.5 


56 6 


43.4 


EXAMPLE 8 


EXAMPLE A 


56.7 


43.3 


54 8 


45.2 



Composite test specimens were prepared from the two components A and B by mixing them together in a ratio by 
weight of about 1:1. The mixture was cured by expos jre to a dental curing ight for about 3C seconcs (Viser curing 
light, Oen-MaL Inc., Santa Maria. California) 

F uo-ide release from each composite was evaluated jsing a mocification of the procedure described by Wilson, 
cf a/., Biomatcrtals, * 955. 5. 431 . Eignt specimens discs for each composite were prepared by mixing equal parts ol 
the A and B componerts and pressing the mixture into 2 mm x 20 mm (diam) molds. A piece of unwaxed dental floss 
was inserted in one edge of each disc to provide a means for suspending the specimen in the eaching solution. The 
mold faces were (hen covered with Saranfl) sneels, pressed betv/een glass slabs and cured 'or 30 seconds with a 
st-ong light. 

The lest specimens were Iher susperdec in a circular arrangement from Ihe snap lid ol a 250 mL polyethylene 
container by securing their suspending dental floss cords to the lie witn dabs of hot melt adhesive 

F uo r de release for each composite was followed by suspending the eight specimen discs in 100 mL aliquots of 
distflled water. The water was changec at the time intervals suggested by Wilson, et at. and Ihe fluoride content of 
each sample was measured with an Orion Fluoride Icn-selectfve electrode after quantitative dilution (1:1 v/V) of the 
leach solution with a pH 5.0-5.5 bLffer that was LOOM in NaCI ard LOOM in total acetate (socium acetate and acetic 
acic). The luoride electrode was calibrated with suitabe standards which also contained the same buffer as the spec- 
imens. Fluoride release was expressed as meg fluoride/mm 2 of composite surface area Release data were evaluated 
by plotting tog (cumulative fluoride release) versus log (total elapsed time). 

Visual translucency was eva uated by comparing 0.5 mm x 20 mm (diam) composite disc to each other and to opal 
glass standards with C 0 70 values of 0.35 and 0.55 using the black and white background specified by the ASC MD 
156 Task Group the American Oental Association (Task Grouper Posterior Composites' Procecure Protocol - Phys- 
ical Chemical anc Degradalion Properties'. Americar Oental Association. Chicago. 1939. 5). 

Radiopacfty was evaluated using the procedure described in ISO Starda'd 4C49. [Technical Committee ISO/ 
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TCtOl. International Standard 150, 40*9 International Organization for Standardization 1988. Sec. 7 11] 

Radioparily was evaluated by visually comparing ihe oplical densily of x-ray images of composite samples which 
had been placed on the same piece of dental x-ray f tm A 2.0 mm thick AJ standard was used a9 a control. The various 
cement composites were then ranked according to decreasing radbpacity as follows 

Raciopacitv 

The composite of EXAMFLE 5 > The compos ta of EXAMPLE 7 > "he composite of EXAMPLE 6 > The composite 
of EXAMPLE 8 > A cement composite made Irom the glass of PREPARATION 1. 

Samples were evaluated for visual opacity by the ADA Posterior Composite Task Group procedure as described 
above. Sample chips were ranked In order of opacity as fellows: 

Visual Opacity 



The composite of EXAMPLE 5 < The composite of EXAMPLE 7 < The composite of EXAMPLE 8 ( The composite 
of EXAMPLE 6 < A composite made from the glass of PREPARATION 1. 
Fuoride release test data is provided in the following table. 



Composite 


Cumulative Fluoride Release (<*0 days) meg/mm 2 


A cement connoosite made Irom Ihe glass of PREPARATION t 


0/OS 


The composite of EXAMPLE 5 


a* 27 


The composite ol EXAMPLE 6 


0/75 


The composite ol EXAMPLE 7 


0/39 


The composite of EXAMPLE 8 


0.266 



1 1 will be reacfify seen from the above data that the classes of this invention and the denial cements derived therefrom 
show great fluorice release rates and are also radiopaque and translucent. 



PREPARATION 1 

A base glass was prepared according to EXAMPLE 1 but using 207 parts by weight calcium fluoride instead of 
barium fluoride. The composition of the finished base glass in weight percent was 



Na 2 C 


2 2 


CaO 


24.6 


AI 2 G 3 


25.1 


p 2 o 3 


5.8 


F 


23.0 


Si0 2 


29 0 


Less O equivalent toF 


<9.7> 



PREPARATION 2 

A base glass was prepared according to EXAMPLE 1 but using 333 parts by weight strontium fluoride instead of 
barium fluoride. The composition of the tint shed base glass in weight percent was 



Na 2 0 


1.3 


SrO 


37.6 


Al 2 0 3 


20 8 


P 2°S 


4.8 


F 


19.0 


sio 2 


24.0 


Less O equivalent toF 


<8.0> 



Although particular embodiments of this invention have been disclosed herein for purposes of explanation, further 
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modifications or variations thereof will be apparent to those s<il!ed in ne art to which this frwentton pertains. 
Claims 

1. A glass composition consisting essentially of the following ingredients by molar percent: 





17.6-19.7 


P 2 0 5 


0.6-3.5 


AI2C3 


9.0-11.0 


NasO 


0.5-3.0 


MO 


17.9-19.7 


F 


42.2-56.1 



wherein MO is selected from BaO. BaO-CaO, BaO-SrO, and BaO-CaO-SrO. 
2. A glass composition consisting essentially of the following ingredients by molar percent: 



SI0 2 


20 


p 2 o 5 


2 


Al 2 0 3 


10 


Na 2 0 


2 


MO 


1S 


F 


48 



wherein MO is selected from BaO. BaO-CaO : BaO-SrO. and BaO-CaO-S'O. 

3. The glass composition accord'ng to claim 1 or 2, wherein MO is BaO. 

4. The glass composition accord'ng to claim 1 or 2, wherein MO is BaO-CaO. 

5. The glass composition accord ng to claim 4. wherein the molar ratio of BaO to CaO is not less than 0.334. 

6. The glass composition accordng to claim 5. wherein the molar ralio of BaO to CaO is 1 :1 

7. The glass composition accord ng to claim 1 or 2. wherein MO is BaO-SrO. 

8. The glass composition according to claim 7, wherein the molar ralio of BaO to SrO is not less than 0.02. 

9. The glass composition acccrding to claim 9, wherein tie molar ratio of BaO to SrO to 1: 1 . 

10. The glass composition accord ng to claim 1 or 2. wherein MO is BaO-CaO-SrO. 

11. The glass composition according to daim 10. wherein the mclar ratio of BaO to (CaO + SrO) is no: less than 0.02 
and :he molar ratio of CaO to (SrO + BaO) is not greater than 3.0. 

12. The glass composition accord ng to claim 11, whe-ein the molar ratio of BaO-CaO-SrO « 1:1:1. 

13. A dental cement conoosrtion comprising the glass composition of any of claims 1 to 12. 

14. The dentaJ cement composition according to claim 13 further comprising at least one ingredient selected from a 
buffering agent, a bonding agent, a pofymcrizablc matrix material, a hydrophilic rcsia a polymcrizablo carboxylic 
acid, a thermal initiator, a photoinitiator a free-radcal scaverge-, and a coupling agent. 

15. The dental cement composition according to claim 13 c 14, wherein the cement composition is a glass and a 
pigment. 
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16. The dental cement composition according to any of claims 1 3 to 15 further comprising iron oxide andtor titanium 
oxide. 

17. The dental cement composition according to any dclairns 13to10comc*isinggjasse 
s or barium release fluoride. 

18. The denial composition according to any of claims 1 3 to 17 which contains equimolar amounts of calcium, strontium, 
and barium. 

TO 

Pelentan sp ruche 

1. Glaszusammensetzung, bestehend im wesenllicher aus den folgencen Bestandteilen in Molprozent. 



15 



20 



Si0 2 


17,6-19,7 


P A 


0.9-3,5 


AlP, 


9,C- 11.0 


Na 2 0 


0.5 - 3.0 


MO 


17.9- 19.7 


P 


42.2 - 56.1 



wobei MO aus BaO. BaO-CaO. BaO-SrO und BaO-CaO-S'O gewahlt ist 
25 2. GlaszusaTmcnsctzung, bcstchcnd im wcscnllichcr aus den folgencen Bestandteilen in Molprozent, 



Si0 2 


20 


P 2 0 5 


2 


Al 2 0 3 


10 


Na 2 0 


2 


MO 


18 


F 


AB 



3S wobei MO aus BaO : BsO-CaO. BaO-SrO und BaO-CaO-S'O gewahlt ist 

3. Glaszusammensetzung rach Anspruch 1 cder 2. wobei MO BaO ist. 

4. Glaszusammensetzung rach Anspruch 1 Oder 2. wobei MO BaO-CaO ist. 

40 

5. Glaszusammensetzung rach Anspruch 4. wobei das Molverhaltnis vein BaO zu CaO nicht weniger als 0.334 be- 
tragt 

6. Glaszusammensetzung rach Anspruch 5, wobei das Morverhaltnis BaO zu CaO 1:1 belragt 

ds 

7. Glaszusammensetzung rach Anspruch 1 Oder 2. wobei MO BaO-SrO ist. 

8. Glaszusarn-nensetzuny riach Anspr udi 7 : wobei das Mofverhaltris von BaO zu SrO nicht weniger als 0 02 betiagt. 
& 9. Glaszusammensetzung rach Anspruch 3. wobei das Morverhaltnis von BaO zu SrO 1 :1 betragt. 

10. Glaszusammensetzung rach Anspruch 1 cder 2. wobei MO BaO-CaO-SrO ist. 

11. Glaszusam-ncnsctzung nach Anspruch 10, wobei das Morverhaltnis von BaO zu (CaO + SrO) nicht weniger als 
5S 0,02 und das Molverhaltnis von CaO zu (SrO + BaC) nicht mehr als 3,0 betragt. 

12. Glaszusammensetzung rach Anspruch 11 : wobei das Molverhaltnis 3aO-CaO-SrO 1 :1 :i betragi. 
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13. Deniafeememzussmmensetzung umlassend die Glaszusamnrensstzung nach ehem der Anspruche 1 bis 12. 

14. Dentat7ement7usammens8t7ung nach Anspruch 13 ferner umfassend ABnigsiens einen Besiandteil gewahlt a us 
einem Puffermlnel. einem Bindemittel einer polynerisierbaren Matrixsubstanz. emem hydrophilen Marc, erner 

5 pdymerisierbaren Carbonsaure. einem thermischen Initiate, einem Phctoinitiator. einem Radika&anger und einem 

Kuppfungsmittel. 

15. Dentatzementzusammensetzung nach Anspruch 13 oder 14. wofcei cfie Zsmentzusammensetzung ein Glas und 
ein Pigment isl 

10 

16. Dentatzementzusammensetzung nach einem cer Anspruche 1 3 bis 15 femer umfassend Eisenoxid unoVoder Ti- 
lanoxid. 

17. DenlaUemenlzusammensetzung nach einem der Anspruche 1 3 bis "6 umfassend Glase, die reich an Slronlium 
1S Oder Barium sind und die Ruorid freiset7en 

18. Dentarzementzusammensetzung nach einem der Anspruche 1 3 bis 1 7. die aquimolare Mengen an Kalzium, Stron- 
tium unc Barium enthaR. 

20 

Revendlcatlone 

1. Composition de verrg constitute principalement des ingrecients suivants, en pourcentages en moles : 



Si0 2 


17,6 a 19,7 


P 2 O s 


0 : 8 a 3,5 


aia 


9.0 a 11.0 


Na 2 0 


0 : 5 a 3.0 


MC 


:7,9a t9,7 


P 


42.2 a 56.1 



dans laqueile MO est choisi parrri BaO. BaOCaO, BaO-SrO et BaO-CaO-SrO. 
3$ 2. Composition de verre constitute principalement des ingrecients suivants : en pourcentages en moles : 



Si0 2 


20 


P 2 0 5 


2 


A! 2 0 3 


10 


Nap 


2 


MO 


ie 


F 


48 



as dans laqueile MO est choisi parrri BaO. BaO-CaO, BaO-SrO et BaO-CaO-SrO. 

3. Composition de verrg selon la revendication 1 ou 2, dans laqueile MO est BaO. 

4. Composition de verre selon la revendication 1 ou 2. dans laqueile MO est BaO-CaO. 

so 

5. Composition de verre selon !a revendication 4. cans laqueile le rapport en motes du BaO au CaO n'est pas inf erieur 
a 0,334. 

6. Composition dc vcrrc scion la revendication 5 : dans laqueile Ic rapport cr moles du BaO au CaO est do 1/1 . 

55 

7. Composition de verre selon la revendication 1 ou 2. dans laqueile MO est BaO-SrO. 

8. Composition de verre selon la revendication 7. dans laqueile le rapport en moles du BaO au SrO n'est pas in'erieur 
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A 0.02 

9. Composition de verre salon la revenctation a dans taquelle la rapport an mclas du BaO au SrO est da 1/1 . 

10. Composition de verre seton la rev eradication 1 ou 2. dans laqueBe MO est BaO-CaO-SrO. 

11. Composition de verre seion la revendication 10. dans lacuelte le rapport en moles du BaO au (CaO + SrO) n'est 
pas inf srieur a 0.02 at la rapport an moles du CaO au (SrO * BaO) n'est pas superiaur a 3,0. 

12. Composition da verre salon la revendication II, darts taquelle te rapport an moles 3aQ/CaO>SrO est de 1/1/1. 

13. Composition de ciment dantaire comprenant la composition da verre seion Pune quetecnque des revendications 
1 a 12 

14. Composition da ciment dsntaira salon la revendication 1 3, comprerant an outre au moins un ingredient choisi 
parmi un agent tampon, un agent da fixation, un materiau de matrice porymerisable, une resine hydrophile. un 
acide carboxySque polyrrerisable. un amorceur thermique. un photo-emo r ceur. un piegeur de radicaux libres. et 
un agent de couplage. 

16. Composition do ciment den ta ire scion la revendication 13 ou 14, dans taquelle ta composition dc cincnt est un 
verre et un pigment. 

18. Composition de ciment dentaire seion rune queteonque des revendications 13 a 15, comprenant en outre de 
I'oxyde de far et/ou de i'oxyde de tilane. 

17. Composition de ciment dentaire salon Tune que conque das levendications 1 3 a 1 6, compranant des verres a forte 
teneur en fluorure liberant du strontium ou du baryum. 

18. Composition dentair9 salon Tune quelconque das revendications 1 3 a 17, qui contient des quantites equimolaires 
de calcium, de strontium et de baryum. 
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